Abstract: Safety and Health in the Petrochemical Industry in Map Ta Phut, Thailand: Uma LangkuLsen, et al. Faculty of Public Health, Thammasat University, Rangsit Campus, Thailand-Background: Petrochemical industries are known as sources of many toxic chemicals. Safety and health risks of the petrochemical workers employed at Map Ta Phut Industrial Estate, located in Rayong, Thailand, are potentially high. Methods: The research materials consisted of documents emanating from statutory reports on safety in working with toxic chemicals and the results of interviews by questionnaire among 457 petrochemical workers regarding occupational health and safety issues. Results: Most of workers who were working with toxic chemicals had knowledge and awareness of health risks and chemical hazards at work. We found that safe behavior at work through read the safety information among operational workers less than non-operational workers around 10%. Most of workers had perceived occupational health and safety management in their companies. Some companies revealed that they had not been performing biological monitoring of blood or urine for their health examination reports and that workplace exposure monitoring had not correlated well with health examination of workers. Conclusions: Our study suggested that occupational health and safety for petrochemical industries requires standards and guidelines for workers' health surveillance aimed at protection of workers. (J Occup Health 2011; 53: 384-392) 
Petrochemical industries release significant amounts of toxic chemicals into the environment. Air pollutants include sulfur oxide, nitrogen oxide, carbon monoxide, volatile organic compounds, fugitive hydrocarbons and dust. For decades, air toxins have been associated with both short-term and long-term adverse health effects. K n o w n o rg a n s y s t e m s i m p a c t e d i n c l u d e t h e cardiovascular [1] [2] [3] , respiratory [4] [5] [6] [7] [8] , reproductive 9) and nervous systems [10] [11] [12] [13] . Long-term health effects can include increased risk of mortality [14] [15] [16] [17] , lung cancer 14) , chronic respiratory disease 18) and heart disease 19, 20) as well as damage to the liver 21, 22) and potentially the kidneys [23] [24] . Persons are exposed to toxic chemicals in the air of their communities, homes and workplaces. Exposures tend to be greatest in workplaces where toxic chemicals are used and leaks or contaminated work spaces can occur. It is well known that toxic chemicals in the petrochemical industry have resulted in health impacts, occupational diseases and unhealthy working environments [25] [26] [27] [28] [29] . Map Ta Phut Industrial Estate (MTPIE), located in Rayong Province about 200 kilometers from Bangkok, was designated by the government to serve as the petrochemical and heavy industries hub for Thailand. Since the start of its operation, findings have demonstrated that episodic events of toxic chemical contamination of the surrounding communities have presented a substantial health risk to the public [30] [31] [32] [33] . Occupational risks from exposures in the petrochemical sector in Thailand are receiving increasing attention. However, few data about occupational health and safety (OHS) of workers at the MTPIE are available, but there are indications that the OHS risks of the about 13,800 workers employed at the MTPIE are potentially high. Understanding of health and safety risks in the occupational setting is limited, particularly, at the MTPIE. Therefore, characterizing the health and safety hazards and their determinants as well as OHS management at the MTPIE may lead to reduction of OHS risks among the workers. The objective of this study was to understand how workers in petrochemical plants perceive toxic chemical risks to which they are exposed, including their knowledge and awareness, behavior and OHS management. As required by law, statutory reports on workplace safety related to toxic chemicals were investigated in this study. In particular, this study identified and addressed the main health and safety issues faced by petrochemical workers at the MTPIE as well as their risk perceptions.
Methods

Study site and population
Map Ta Phut Industrial Estate (MTPIE) is an industrial zone that was established in 1989. This industrial estate is a major source of toxic chemicals released into the ambient air and consists of 66 companies; there are 32 petrochemical companies, 2 oil refineries, 8 steel companies, 7 chemical and fertilizer companies and 17 public utility companies including the power, steam and gas sectors. This study focused on the petrochemical companies at the MTPIE using purposive sampling. Only 11 of 32 petrochemical companies were willing to participate in the study. Ten out of the 11 petrochemical companies had provided statutory reports on workplace safety related to toxic chemicals, yielding a total of 457 respondents, both operational and nonoperational workers, who consented to participate in the study. Operational workers included those who were employed as plant operators, whereas, the nonoperational workers involved in the study included industrial safety officers and maintenance technicians who may be exposed to toxic chemicals under normal operating conditions.
Data collection 1) Questionnaires
The primary data were collected using questionnaires including questions about gender, age, education, smoking habits, alcohol consumption, years of employment, working hours, job type and work environment such as heat, lighting, noise, vibration, radiation, chemical dusts, metal fumes, toxic fumes from burning plastic, rubber or wood, chemical vapors, chemical aerosols, ventilation systems and chemical odors. The second part of the questionnaires contained qualitative questions concerning knowledge and awareness of toxic chemicals, workplace behavior and perception on OHS management in their plants. In particular, knowledge and awareness questions were asked of the workers who work with toxic chemicals, and each of these questions was answered with either a "yes" or "no" answer. The interviewers were trained on the definition of toxic chemical risks and adverse health effects before the interviews. For workplace behavior questions, workers were asked to indicate the frequency of the particular behavior as "always", "often", "sometimes" or "never". Questions about OHS management to be answered with "yes, no and "don't know were filled out based on perception. Reliability and validity of questionnaires were tested in this study.
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Data analysis
The questionnaires were coded, and the data were entered into the database twice. The data were analyzed using SPSS version 16.0 (SPSS Inc., Chicago, IL, USA). Descriptive statistics like frequencies were used to analyze the effects of the demographic characteristics of workers, knowledge and awareness, workplace behavior and perception on OHS management in their plants. Data from statutory reports were analyzed in terms of the relationship between toxic chemicals used, concentration of toxic chemicals in the workplace ambient air and storage areas and health examination results of workers. This study was approved by the Ethics Review Committee for Research on Human Subjects, Faculty of Medicine, Thammasat University.
Results
Demographic characteristics and work environment
There were 457 study subjects, and most of them were male workers (92.6%). More than half (54%) of the respondents had more than 10 years' total experience with their present company, 247 (54.1%) were between 30 and 40 yr of age, 157 (34.4%) were under 30 yr of age and 333 (72.9%) worked in operational units. A high proportion of workers (99.1%) spent 7 h or more at their workplace. Most workers, 418 (91.5%), said that they have a good ventilation system for their plant; however, a majority (87.3%) complained about chemical odors during work. More than one-third of workers complained of work environmental conditions in their workplace such as noise (60.6%), chemical vapors (47.9%) and heat problems (36.8%). Half of the workers (50.3%) were found to be working with toxic chemicals (Table 1) .
Knowledge and awareness
Most workers claimed that they know the toxic chemicals they work with, they have been trained in risk management, they know the toxic chemical hazards, they know the material safety data sheet (MSDS), they know the safety information sources, they know the routes of exposure, they know the health effects of toxic chemicals and they know the reasons for periodic health examination (PHE). All workers said they know about prevention of chemical risks and are interested in safety rules ( Table  2) .
Workplace behavior
More than 98 percent of workers reported that they did not go to work when sick, they have safety-related duties while at work, they use proper tools in their daily jobs and they do not practice by trial and error. More than 80% of workers always follow safety rules and procedures, read equipment manuals, store equipment after use, ask when in doubt about any procedure, are careful while at work and use personal protective equipment (PPE) such as ear plugs or ear muffs, safety glasses, safety gloves, safety shoes, a safety helmet and a respirator. Operational workers reported that they always read the safety information and participate in safety campaigns, and fewer nonoperational workers reported this (Table 2) .
Perceptions about OHS management
More than 92% percent of workers said that they have a good OHS management at their plants, such as a written OHS policy statement, area management, a safety officer, evaluation of the work environment by a safety officer, training concerning safe use of toxic chemicals, provision of PPE, provision of PHE, provision of health care and suitable first aid facilities and provision of emergency showers and eyewash stations. All workers reported that employers practiced for emergencies, prepared emergency exercises and provided annual health examinations (Table  2) .
Statutory reports
The reporting system mandated by the Interior Ministry was reviewed in this study. Completeness of the statutory reports included in the study ranged from 40 to 100%. The report concerning the details of toxic chemicals in the workplace (Sor Or. 1) was found to be complete for 9 out of 10 petrochemical companies (90%). The report concerning safety and hazard assessment of toxic chemicals in the workplace (Sor Or. 2) was found to be complete for only 4 companies (40%), whereas 2 companies considered chemicals used in their production processes to not be subject to reporting, and 4 companies refused to contribute their information concerning toxic chemicals used (Table 3 ). The report concerning the concentrations of toxic chemicals in the workplace ambient air and storage areas (Sor Or. 3) was found to be complete for 10 companies (100%), whereas the report concerning the health examination results of workers who work with toxic chemicals (Sor Or. 4) was found to be complete for 7 companies (70%), as show in Table 4 .
In regard to the 4 petrochemical companies (Companies 1, 3, 5, 10), a list of the chemicals used in the production process in terms of the report concerning safety and hazard assessment of toxic chemicals in the workplace (Sor Or. 2) is shown in Table 3 . The findings demonstrated that these companies follow the regulations strictly. Table 4 shows exposure monitoring data for hazards to be monitored in the workplace and health examination results regarding PHE and annual health examinations. Surprisingly, 2 companies (Companies 1 and 4), performed no PHEs such as monitoring of blood and urine.
Concerning the interrelation of statutory reports between Sor Or. 3 and Sor Or. 4, Companies 2, 5, 6 and 10 showed interrelation of reports, whereas Companies 3, 7 and 8 did not. These companies had no biological monitoring of exposure to toluene (Company 3), carbon disulfide and xylene (Company 7) or xylene (Company 8). Two out of 10 companies (Companies 3 and 7) reported that the air quality in the workplace exceeded the standards for some toxic chemicals 35) . Six companies (Companies 2, 3, 5, 6, 7 and 8) reported abnormal results of periodic health examinations. In regard to the annual health examination of 7 companies, it was found that they covered routine health examinations, including laboratory tests, chest x-rays, pulmonary function tests, audiograms, electrocardiograms and urinalysis (Table 4) .
Discussion
This study was designed to characterize and better understand the health and safety hazards at the MTPIE and to identify any controls currently in use that are designed to reduce occupational risk, disease and illness among workers. The study gathered data related to occupational health problems in terms of industry-based chemical exposures together with OHS management in their companies of employment. The results revealed that most of the participating worksites have a good OHS management system. Although the majority of worksites had good ventilation systems, problems in terms of odor, noise, chemical vapors and heat still occurred. The study focused on the importance of OHS management in the workplace. Based on the findings, the ten companies whose workers responded to the questionnaire complied with OHS regulations, which included employment of a full-time safety officer, provision of at least one nurse to perform occupational health services and provision of care by a physician. Periodic health examinations for employees who work with toxic chemicals were conducted by occupational medicine professionals. In addition, the findings revealed that most workers in the petrochemical companies were well aware of the potential risks to health and safety, followed the established safety rules and protected themselves from risks and danger that may occur during work. Comparison showed that more operational workers reported that they always read safety information and participated in safety campaigns than nonoperational workers (Table 2) . However, previous study demonstrated that receiving safety information leads to reduced risk 36) . Thus, much effort should be placed in raising awareness among those who are employed at petrochemical plants as well as to direct efforts in enforcing OHS regulations in every sector.
Companies using toxic chemicals are required to submit a report on the environmental conditions within the area and the results of health examinations of their employees to the local Labor Protection and Welfare Office, the government authorities, in accordance with the Notification on workplace safety related to toxic chemicals 34) . However, these reports, in hard copy, are received without any review process and are kept at the local Labor Protection and Welfare Office, where no further actions are usually taken. This results in the inaccuracy in these reports stemming from either intentional or unintentional misinterpretation of the guidelines set by the Labor Ministry. Thus, the critical issue that seemed to be overwhelmingly addressed by the stakeholders was a need for the development and maintenance of a database that integrates information with regard to OHS and the environmental quality within industry work sites. However, the stakeholders recognized the importance of the well-being of the workers and that it requires an effective and efficient monitoring and surveillance system, which must be based on a comprehensive and integrated database system. Interestingly, statutory reports indicated that some employers might not understand the need for health examinations in relation to exposure to toxic chemicals at their plants (Table 4) . By law, there is currently no standard guideline for medical monitoring depending on the toxic chemical involved; therefore, standards and guidelines need to be established. The above suggests the need for establishment of policy and strategy guidelines and an OHS protection system appropriate for the current situation and to reduce the incidence rate of work-related disease and illness.
Generally, biological monitoring of urine and blood provides an indication of exposure to chemicals in the workplace and is a key part of health surveillance and exposure assessment 37) . Urinary phenol is used as a biomarker of benzene exposure in some companies (Table  4) . However, urinary trans,trans-muconic acid (t,t-MA) or S-phenylmercapturic acid (S-PMA) is used as a biomarker of benzene exposure for much more reliable and sensitive occupational investigations 38) . Our study recommends that these biomarkers should be used in petrochemical plants at the MTPIE.
A limitation of this study that needs to be addressed is access to exposure and health examination reports. Exposure reports include results of monitoring done to determine employee exposure to toxic chemicals and reports of toxic chemicals used in the workplace. Health examination reports include results of PHEs and annual health examinations. However, this study is the first to explore these reports with the aim of improving OHS for petrochemical plants at the MTPIE. The results could be used to formulate future OHS management priorities in the petrochemical sector.
In conclusion, most petrochemical plants in our study appeared to uphold the occupational safety measures as mandated by industrial regulations. However, OHS management with regard to exposure to toxic chemicals needs immediate attention and further investigation. The results of this study indicate the need for future action in OHS management at the MTPIE.
